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Executive summary
The main aim of The University of Queensland Surat Deep Aquifer Appraisal Project (UQ-SDAAP) is to inform 
policy and decision makers as to whether or not material carbon abatement is feasible through implementing 
industrial-scale carbon capture and storage (CCS) in southern Queensland. ‘Material’ in this sense is taken  
as safely and securely injecting at least 5 million tonnes per annum for at least 20 years. This is roughly  
equivalent to the emissions from one of the large, modern supercritical power plants in the area. In this 
study, a scheme with around 13 million tonnes per annum has been matured for a 30 year duration under very 
conservative assumptions. This represents the UQ-SDAAP reference case CCS option. 
This research shows that deep emission cuts could be achieved by the establishment of a large-scale CCS ‘Hub’ scheme 
conceptually built around retrofitting existing modern power plants (Millmerran, Kogan Creek and Tarong North). It does not 
discount the opportunity for new-build plants or additional capture from other emissions sources. The research demonstrates 
that a material abatement opportunity is likely to be a feasible option in the Surat Basin, though not yet quite ‘confirmed’. 
There is a limited window for the main opportunity studied, which is tied to significantly reducing the emissions of the existing 
supercritical power stations. These power stations have a finite technical lifespan in the order of 35 years1. The sooner this 
abatement option is realised in the lifespan of these power stations, the greater the impact of the initiative. It is estimated that each 
year such a project is delayed would result in up to 13 million tonnes per annum of carbon dioxide (CO2) less being captured. The 
establishment of secure, sustained high-rate CO2 storage may also create opportunities for additional high emissions industries 
(such as hydrogen production or additional power generation). Recent work done in parallel with this study, indicates that pressure 
on power prices can be minimised by reducing total system cost and that to do this even more carbon abatement would be 
required via CCS as the NEM evolves into a low emissions network. 
About 3-4 years are required to confirm this option, as much as 4-6 years to set up a commercial venture and permitting, and 
about 2-3 years to build the first of the required infrastructure. It is conceivable that commercial scale capture could commence 
around 2030. It is likely that there is adequate, secure, high rate CO2 storage for the remaining life of the power stations, and 
probably a few decades more. The analysis so far indicates that material benefits are possible for a period in the order of at least 
three decades. The option should be seen as a critically important and material opportunity to make an orderly transition to 
a low-emission power generation mix. Carbon dioxide capture and injection schemes are inherently time-limited because CO2 
storage capacity is a limited resource, but estimates of those time limits from this research are sufficient to support large power 
plant and potentially other industrial investment decisions.
Surat Basin data-gathering activities, societal engagement and regulatory actions identified in this report need to start as soon 
as possible, ideally in 2019/20. Further, to quantify the full potential for east-coast carbon abatement for an orderly transition, a 
wider program of dynamic storage assessment in other basins is required.
The International Energy Agency emphasises that a full suite of technologies will be required to bring down emissions. They have 
positioned CCS as a key strategy to abate long-lived, high-intensity, stationary, industrial and power sector sources. Similarly, the 
recent 2018 Intergovernmental Panel on Climate Change "Special Report: Global Warming of 1.5°C" which explored the impacts of 
global warming at 1.5°C, identified CCS as a critical technology for managing the transition to a more sustainable energy future.
1  Note that power station life is notoriously difficult to estimate. Commercial factors can lead to early shut-down, and late-life extensions also commonly allow plants to run 
beyond their notional, technical end dates.
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The study considered techno-economic, social and regulatory aspects of CCS. The main new contributions of this study are a 
more accurate understanding of the dynamic limits to safe, secure, high-rate storage and a promising new approach to public 
engagement on energy futures. 
The research found that material abatement of southern Queensland emissions appears technically feasible with CCS as  
part of the future energy mix. However, in addition to the need for site-specific new data, the research highlighted a number  
of non-technical challenges that need to be addressed to establish CCS in southern Queensland. These include acceptance  
of the need for trade-offs between carbon abatement aims, regional jobs, aquifer recharge and groundwater use. 
This UQ-SDAAP study investigated scenarios for carbon mitigation for the power sector in Queensland using CCS. The area of focus 
was the Surat Basin, which had been identified for its strong potential for CCS development in earlier studies. Note that the project 
also included significant engagement with Chinese collaborators in CCS in that country. This is the subject of a separate report.
CCS deployment could comprise the sequential retrofitting of up to three modern, supercritical, coal-fired power plants2 in 
southern Queensland with storage in the Precipice Sandstone in the deepest part of the Surat Basin (shown schematically in 
Figure 1, with the notional geographic locations shown in Figure 2). These plants currently support a significant number  
of regional jobs, provide critical baseload power, and are currently expected to maintain (unabated) operations well into  
the mid-2050s. 
2  Millmerran, Kogan Creek, and possibly Tarong North
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Figure 1 Visualisation of a potential CCS initiative.
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Figure 2 Power stations, pipeline routes and notional sites.
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CO2 captured at the three identified plants could be transported via pipeline to two or three remote well pads. At each pad, there 
would be injection via 4-6 wells where UQ-SDAAP has determined the lowest risk zones (Figure 3). The notional injection sites 
would be more than 80 km from current water abstraction sites and would be much deeper. The injection sites are at a depth of 
over 2.3 km in the deepest part of the Surat Basin (Figure 4). The maximum lateral movement of the CO2 away from the wells is 
expected to be typically within a 10 km radius.
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Development of a CCS Hub could result in the following benefits:
1.  Low-emissions baseload power: A CCS Hub would gradually convert and abate existing plants resulting, in up to 1.62 GW 
of installed, low-carbon, net baseload power in the national electricity market (NEM) for 30 years or more (the reference 
case for UQ-SDAAP was 13 Mt/yr for 30 years). It could deliver annually up to 12,800 GWh of baseload3 power. For fully 
retrofitted plants4, emissions intensity would be an average of 135 kg CO2e/MWh5, and the base case levelised cost of 
electricity (LCOE) would be less than $70/MWh6
2.  Material emissions reductions: On current data, it seems likely that a hub could safely capture and inject about 13 million 
tonnes per annum of CO2 for around 30 years, with indefinite secure retention. UQ-SDAAP scenarios have been modelled 
conservatively. There is considerable upside with some scenarios extending the plateau for three or more decades 
culminating in around 650 million tonnes. If new data supports this, it would require that future CO2 sources would be 
“plumbed in”. Notwithstanding this, even the “limited” retrofit scheme can contribute significantly beyond Australia’s 
current Conference of Parties 21, nationally determined contributions (COP21 NDC commitments)
3.  Regional employment: CCS could create about 250 new regional jobs in the retrofit and construction phase, as well as 
either safeguarding, or even extending the need for, approximately 500 existing regional jobs in the power plants and 
adjacent mines. Indirect employment multipliers in the local economy have not been assessed in this study, however 
previous work has suggested this would be statistically significant
4.  Enabled low-carbon economy: The creation of a CO2 transport and storage hub infrastructure could potentially enable 
additional, traditionally high CO2 intensity industries. This includes, but is not limited to, the production of hydrogen from 
coal or natural gas or a hybrid approach with renewables
The main trade-off for these benefits would be that an area of around a 10 km radius of the Precipice Sandstone at a depth  
of over 2.3 km, immediately around the injection sites, would not be available for future groundwater abstraction.
The remote location and aquifers identified as lowest risk in this study are currently considered to be too deep for economically 
viable groundwater abstraction, and the water quality has yet to be confirmed.
An additional consequential upside of deep injection would be:
5.  Groundwater levels raised: Groundwater would be displaced laterally from the injection site. This would raise water levels 
(pressures) in existing, sometimes depleted, groundwater abstraction bores in the target formation, in the ‘far-field’ and to 
a lesser extent in the overlying Hutton Sandstone aquifer. The increased water levels could persist for over 100 years. There 
would be no CO2 contamination in these areas of regional pressure rise, making the water easier to access for alternatives 
uses, such as agriculture and town water supplies (potentially up to hundreds of kilometres away from the 10 km radius  
CO2 plume).
While techno-economic studies suggest that such a scheme could be a real option, social science studies highlight the 
importance of public engagement about the context of future energy choices in a carbon-constrained world. 
Currently, there are also ambiguities in the Queensland regulations that need to be addressed to facilitate the establishment  
of CCS technology and to build stakeholder confidence in CCS. 
The opportunity mapped in this report would be a unique, long-term project in Australia. A suitable project creation and delivery 
vehicle is needed to effect the full scope of work required.
3 Queensland generated approximately 7200 GWh of intermittent solar in 2016-17.
4 There are options for partial refit that would still result in material emissions abatement, though LCOE and emissions intensity would be higher
5 Typical emissions intensity for baseload modern supercritical power is 960 kgCO2e/MWh. 
6 Note that unless otherwise stated in this report all cost estimates should be considered scoping level estimates only and are cited in real terms 2018 dollars
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Figure 3 Illustration of minimum risk site selection
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Figure 4 Visualisation of a potential injection cross-section.
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How a material CSS option could be (incrementally) rolled out
If all data continues to support secure storage and other non-technical matters are resolved in the next 3-4 years, the first 
retrofit for industrial-scale capture could be operational in circa 10 years’ time. The way forward can be thought of in three  
main stages (Figure 5):
1. The first investment required is around $100 million7. This would include a 3-4 year work program, including site appraisal 
and various engagement activities. Some capture and transport engineering studies could be undertaken in parallel
2. In year three or four, a decision would be required to invest around $110 million. This would cover a further period of an 
estimated 4-6 years8, working up to a Final Investment Decision (FID) on the first retrofit. The period is required to prepare 
for regulatory approvals, financing and funding agreements, engineering definition from prefeasibility to detailed engineering 
design, commercial and venture set-up, contracting and procurement. It will also include the installation of a deep aquifer 
monitoring network. A significant amount of time is expected to be required for first-of-a-kind environmental approvals
3. A sequential retrofit is suggested with plants partially retrofitted and a controlled incremental commitment of capital 
investment. The FID for the first plant would be needed in about years 8 to 10 (depending on approvals). This would 
be around $1.06 billion and would include the building of one of the pipelines. Construction would start shortly after. 
Subsequent FIDs in the range $1.1 billion to $650 million could follow approximately every 2-3 years, depending on 
individual decisions on the scale of retrofit (investment could be halted at each step). The total period from first FID  
would be about 10-13 years of construction and commissioning
Figure 5 An indicative timescale over the life of the project to capitalise on the limited window of opportunity to draw maximum 
benefit from this initiative. This hinges on having a fully operational system in place as soon as possible in the useful life span 
of the three identified power stations to maximise the time for emissions capture. It is conceivable that capture can commence 
around 2030. 
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There is considerable opportunity to reduce these time frames, given sufficient state and federal government support  
and prioritisation. 
7  It could be as low as $30 million and 2 years to determine unsuitability.
8  The largest elements of schedule uncertainty are related to environmental approvals, project financing and, related to this, final market positioning.
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Summary statement
The transition of Australia’s energy system to a low-carbon economy will require the deployment of several technologies  
that provide both intermittent and baseload power (or non-synchronous and synchronous power). 
Secure, high rate CO2 storage looks feasible for a period of several decades, but for a large-scale CCS hub project, there are 
important social dimensions that need to be managed. A deeper discussion and education on trade-offs and choices is required. 
There would be local impacts and benefits in terms of jobs, investment and groundwater impacts, and national benefits in terms 
of power grid stability and lower national emissions. 
To keep this option open and increase the confidence that it could be implemented when required, it is essential to progress  
in four key areas:
1. Ongoing key stakeholder and community engagement 
2. Mapping out a regulatory pathway 
3. Gathering critically important site-specific data 
4. Establishing a suitable vehicle or entity to manage this process
Within the first four years, a clear line-of-sight needs to be generated which supports both large-scale, partial public financing 
for the ultimate retrofit sequence, as well a commercial model that creates a special place (e.g. government Power Purchase 
Agreement (PPA) or dispatch rules) in the NEM for low-carbon baseload achieved via this mechanism.
With respect to the retrofit scenario developed in this research, time is of the essence because there are long-lived emissions 
sources in southern Queensland that provide a critical baseload generation service within the NEM. These are estimated to retire 
in the years 2050-2060 time frame. Retrofit requires a certain remaining active life for it to be justifiable. Construction should 
ideally commence within the next 10 years in order to provide a significant period of material emissions reductions for these 
assets and to potentially attract other abatement opportunities (e.g. hydrogen). There is significant work to be done in the 
interim – all of which needs support and funding.
Notwithstanding this, UQ-SDAAP research indicates that there is potential in the Surat Basin for sustained, high-rate injection 
even beyond the life of the existing power plants. Importantly, other work suggests that the availability of more storage potential 
than is articulated in this study, could greatly assist in reducing total system costs and keeping power prices down. There is a 
need to explore, including drilling and testing, other Basins to quantify their dynamic potential.
Retrofit requires a certain remaining active life for it to be 
justifiable. Construction should ideally commence within  
the next 10 years in order to provide a significant period  
of material emissions reductions for these assets. 
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